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The fastest racetrack on the planet

Trillions of protons will race around the 17-mile ring
11,000 times a second, traveling at
99.9999991% the speed of light.

Seven times the energy of any previous accelerator.

The emptiest space in the solar system

Accelerating protons to almost the
speed of light requires a vacuum as
empty as interplanetary space.

There is 10 times more atmosphere on
the moon than there will be in the LHC.
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The hottest spot in our galaxy

o

Colliding protons will generate
temperatures 100,000 times hotter

than the sun (but in a minuscule
space).

Equivalent to a billionth of a
second after the
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It starts with ideas...

Bullding a particle Smashing particles Solving the mysteries Play: Hunt for Higgs
smasher together
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The biggest most sophisticated detectors ever built

Recording the debris from 600 million proton collisions per second
requires building gargantuan devices that measure particles with
0.0004 inch precision.

The most extensive computer system in the world

Analyzing the data requires
tens of thousands of
computers around the world
using the Grid.
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Weight of ATLAS detector
A hundred 747 jets (empty)

Size of ATLAS detector
About half the Notre Dame Cathedral

Superconducting wire in magnets
Is 122 km (76 miles) long,

plus 3000 km (1865 miles) of ordinary cables elsewhere.

Data recorded each year

3200 terabytes, equivalent to 7 km (4 miles) of CDROMs
stacked on top of each other.

Electronic channels About 100 million
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1900 scientists from 164 universities and labs in 35 countries
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Argentina Netherlands o
Armenia Norway ‘tw ‘:\;},’}
Australia Poland o
Austria Portugal
Azerbaijan Romania
Belarus Russia
Brazil Serbia
Canada Slovakia
China Slovenia
Czech Republic Spain
Denmark Sweden
France Switzerland
Georgia Taiwan
Germany Turkey
Greece UK
Israel USA
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Undergrads

| Director Chu
4 visiting ATLAS
Grad students

Postdocs

Techs

6

7

9

3 Engineers
4

5 Computer scientists
4

Senior physicists

48 TOTAL

Berkeley pixel
team at CERN
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Cut-away view
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A AO Detector (under construction)
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Why?

Let’s look at the Discovery Channel’s take on this.
(this is a shortened version)

M. Barnett — July 2007 15
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New York Times talks about
recreating the conditions a
trillionth of a second after the
Big Bang, and says:

“Whatever forms of matter and

L eegsdeasapresHRseSUsEl dSnay
BwekeTIoele Pardiesaadesdsr inigas
pat & Eeahsiacengn aNerse
pabIste 3 VBN BIRG8 afe W6 rms\ai
BpRiiRy fleatieyplal e BlLstameus
goer aptiens wRadiRHBSBRSMOS
aafL\e1s nayitinenaiPesefwere
shaeghf /s own version of the
“Groundhog Day” movie.”

— Dennis Overbye
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Jniverse

¥@* |dentify dark matter

@ Search for extra dimensions of space and
mini-black holes

¥ Find “evidence” for string theory
¥ Find the Higgs Boson

¥ Understand antimatter

¥@* Learn about the fundamental forces that have
shaped the universe since the beginning of
time, and will determine its fate.

M. Barnett — July 2007
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An ATLAS expert explains the Higgs evidence to a layperson.
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What is the origin of mass?

For composite particles such as atoms, it
IS often the masses of their constituents.

But what gives masses to fundamental
particles such as quarks and electrons and
why are they different?

Peter Higgs proposed that all of space is
permeated by a field, the Higgs field.
Quantum theory says that all fields have
particles associated with them, so...

In this case...a Higgs Boson.

M. Barnett — July 2007
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To understand the Higgs
mechanism, imagine that a
room full of physicists
chattering quietly is like
space filled with the Higgs
field ...

M. Barnett — July 2007 20
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| ... a well-known scientist walks in,

creating a disturbance as he moves

Z=&%] across the room and attracting a
cluster of admirers with each step ...

... this increases his resistance

to movement, in other words, he 1
acquires mass, just like a particle | //;
moving through the Higgs field... |

M. Barnett — July 2007 21
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How a Higgs
boson event
might look in
ATLAS

In this event, a “jet”
was produced
going downward,

and a Higgs was
produced going
upward but decayed
almost instantly.

Ho~Z+Z
Z>e +et
Z>p +ut
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In trying to resolve a number of theoretical problems
and incorporate quantum mechanics, gravity and
relativity in a single theory, some theorists have
proposed a theory called String Theory.

Among its predictions are some extra dimensions of
space and a new symmetry called “supersymmetry”.

M. Barnett — July 2007 23
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For fundamental particles, supersymmetry says:

Every matter particle
(fermion) should be
associated with a massive
“shadow” force carrier
particle (boson).

Every force carrier particle
should have a massive
“shadow” matter particle.

This has possible
implications for Dark Matter

M. Barnett — July 2007

Particles

Supersymmetric “shadow” particles

24
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Dark matter ... Not dark matter

... except that’s not
really true

M. Barnett — July 2007 25
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©® Much evidence for its existence
In galaxies and galaxy clusters . B e
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[0 See animation

Compaosition of the Universe
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We don’t know

But we have ideas

It might be one of those
supersymmetric particles,
but of course we have to
find it to know for sure.

M. Barnett — July 2007 28
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Extra Dimensions of Space
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SALMADOR DAL - A LA RECIERCHE DE LA IV DIMINSION
SALVADOR DALI -
TO RESEARCH OF THE 4TH DIMENSION

(Dora Maar series)
M. Barnett — July 2007 30
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Narnia
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in science? More than String Theory?

Gravity is extremely weak (compared to e-m).

Why is it so weak?

gravity




i/ el extra dimensions?

Think about an acrobat and a flea on a tight rope.
The acrobat can move forward and backward along the rope.
But the flea can also move sideways around the rope.

If the flea keeps walking to one side, it goes around the rope and
winds up where it started.

An acrobat can only move ...but a flea can move

in one dimension along a in two dimensions.
rope..

M. Barnett — July 2007 33
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So the acrobat has one dimension, and the flea has two dimensions,
but one of these dimensions is a small closed loop.

The acrobat can only detect the one dimension of the rope,
just as we can only see the world in three dimensions,
even though it might well have more.

This is impossible to visualize, precisely because we can only
visualize things in three dimensions!

An acrobat can only move ..but a flea can move
in one dimension along a in two dimensions.
M. Barnett — July 2007 rope.. 34
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Mini- Black holes?

According to some theoretical models, tiny black holes could
be produced in collisions at the LHC.

They would then very quickly decay and be detected by
experiments (the tinier the black hole, the faster it evaporates)

35
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Pierre Auger Observatory m

studying the universe's nighest energy particles

Cosmic rays '-._. ntinuously bombarding Earth's atmosphere
with far more energy than protons will have at the LHC, so
cosmic rays would p o juce everything LHC can produce.

They have done so thro‘ug the 4.5 hillion years of the e

EarthseX|stence and the Ea stlll hereI _
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Tentative Schedule

Protons in ring in May 2008
Protons collide in July 2008
Earliest physics results perhaps by end of 2008

Real excitement in ???

M. Barnett — July 2007 38
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Inserting the Pixel Detector into
the center of ATLAS.

A major Berkeley project

M. Barnett — July 2007 39
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We placed a camera on one of the
huge toroid magnets as it was
lowered into the cavern.

So you can ride down with it.

M. Barnett — July 2007 40
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The ATLAS Crawl

Very little space remains in
ATLAS, so working in confined
space is complicated.

M. Barnett — July 2007 41
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The ATLAS Experiment

[Ee ,,;:i? {& | TheATLASExperiment
ek Style: News

| Joined: June 19, 2007

- Last Legin: 1 hour ago
L Videos Watched: 7

Subscribers: 11
Channel Views: 808

ATLAS is a particle physics experiment that will
explore the fundamental nature of matter and the
basic forces that shape our universe. Starting in
mid-2008, the ATLAS detector will search for new
discoveries in the head-on collisions of protons of
extraordinarily high energy. ATLAS is one of the

L]
All this and more on |FiEEESR RS

{Including 400 students) participating from more than

180 universities and |aboratories in 35 countries.
Visit http:atlas.ch

Mame: ATLAS
City: Geneva

ATLAS - Episode 1 -A New Hope

H: town: CERN
il i From; TheATLASExperiment
Country: Switzerland Views: 485

Comments: 2

Website: hitp://atlas.ch

| Connect with TheATLASExperiment Videos (15)
' The Official ATLAS Experi.. | |
Send Messane

Add Comment

ﬁ Share Channel

Block User

!;3 Add as Friend

ATLAS - Episode 2 -The ATLAS - Episode 2 - The

httpitwoww youtube comTheATLASExperiment ,m' B Eisode 1-A

New Hope Particles Strike Back Particles Strike Back
7= ™ o 07:13 (Part 1) Part 2
week ago 09:45 04:24
15 Added: 1 week ago Added: 1 week ago

Wiews: 271 Views: 137

G

g - ; ’ Lowe Ay
|l SR |
- 5L - 2
and http -Ilatlas -Ch Protons Accelerate in Riding a Toroid Magnet The ATLAS Experiment
LHC and Collide in into the ATLAS Cavern = Mapping the Secrets of
ATLAS 01:30 the Universe 1
00:30 Added: 1 week ago 08:52
Added: 1 week ago Wiews: 133 Added: 1 week ago

Wiews: 144 Views: 122
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The End
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Muon
Spectrometer

Hadronic
Calorimeter

Electromagnetic
Calarimeter

Solenoid
Transition
Radiation

Tracking Tm"-‘kerpiml

detector
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eTours

Detector
2208 G)Cpﬂdmaﬂt m?rwm a&éhra the
Images fundamental nature of matter and the
Movie basic forces that shape our universe.
Multimedia Starting in mid-2008, the ATLAS
Virtual Tour detector will search for new discoveries
- in the head-on collisions of protons of
Fowerpoint extraordinarily high energy. ATLAS is
: one of the largest collaborative efforts
M ever attempted in the physical

ATLAS eNews sciences. There are 1800 physicists
{Including 400 students) paricipating

RO TIanSR, from more than 164 universities and

Tour of CERN laboratories in 35 countries. Mare...

Glossary

Educ, Comm.

Links |

ContactUs | - ' ' ~ Virtual Tour

P armarmnbd CERM YWYT . AT AT oo f
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Welcome to the ATLAS eTours!

ATCAS Home

Infroduction

= - - [~
An overview of particle
physics experiments.

Experiment

e

i B
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el Ll . ] L

5

How the ATLAS detector
works.

M. Barnett -

——

Choose one
of four eTours

Physics

An overview of the physics
goals of the ATLAS Experiment.

Accelerator

A description of the Large
Hadron Collider.
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The ATLAS Experiment

Mapping the Secrets of the Universe

-_vw N

HOME
ATLAS Collab. ATLAS Store
For Press  ®
Forefdents .

ATLAS Clothing ATLAS DVD

eTours
Det i

Multimedia
Virtual Tour
Fowerpoint
ATLAS Store ATLAS Fact Sheets
ATLAS eNews (Tir

Tech Transfer |

Tour of CERN

Glossary

Educ. Comm.
Links

Contact Us

3D Viewer
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The ATLAS Experiment

Maopping the Secrets of the Universe

e WeBeams e
HOME The webcam on the Geneva side (Aside) originally showed the opposite side of the cavern, the Jura (C side). Moathat the detector is
largely constructed, one sses the Geneva side (Aside) only. Similar for the camera on the Jura side. In order to ensure traceability the
ATLAS Collab: : old file name, aswell as the text on the picturs has been kept.
FOF Press " Jura slde (C Side) | CERN Genava side (A Side) | CERN
For sludente . e - e R : = ‘ B

- ‘-} A ] ..
For Physiciare ™ Tt
Selence Canfras »

eTours
Detector

Webcams

Images ,
Movie I : &
Multimedia — = ' 5 T~

irual T our Image Log: | CurreTt _Ljamera | Former Camera Image Log: | Current C::_wmera | Iionner Camera |
Powerpoint Jura (€ bldfﬂ | CER.N : Geneva (A Side) | CERN

ATLAS Store :

ATLAS eNews
Tech Transfer
Tour of CERN

Glossary

Educ. Comm.

Links e | ;
Contact Us _ﬂ’\ e " 1 i =
M. Barnett Image Log: | Jura (C Side) | , Image Log: | Geneva (A Side) |

Copymght CERN 2007 = ATLAS Expenment



The ATLAS Student Event Challenge will make
high school students part of the ATLAS
Experiment by sharing actual ATLAS events
with them and giving them the tools to analyze
these collision events.

M. Barnett — July 2007 51
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Interactive
event
analysis
for
students
and public

ATLAS
Multimedia
Educational
Lab for
Interactive
Analysis
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Student Event Analysis (AMELIA)

File:

.

THE ATLAS EXPERIMENT

Ewent Stats | Selecked Tracks
Selected Tracks
ID | Type | q pt P n

1 mu+ 1 15,15 2,19 0.42
2/gamma 0 0,97 353 0.20

|3l et| 1] 0.72] 4.18].0.44]
4 p+ 1 084 5.791.13
5 e- -1 0,75 5.4 0351
& mu- -1 2346 001 -2.02

| Delete From list | |Combine selectedJ

Calculations

ISend to Track IistJ | Get Inv. Mass list J

ID | Combination | Iny Mass

¥

Event | Detector | Multimedia

ShowHide Particles:
Electrons r
Muons [v] —
Photons P
Neutrings [v] Se—
Other neutral =
Other charged [v] me—

-&MEI_M.
SELECTED TRACK INFO

PE Cut:
0.6 | Gev

~
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File

Ewent Stats | Selected Tracks |

Ewvent: Higgs4_11.0.5_5300_00365, xml

Inte ractive Tatal |5hnwn|
Tracks 245 119
Meutral 436 13
event e
= Photons | 291 34
a n a Iys I s Neutrinos 2 i}
Muons 6 4
Showers |9215% ]
fo r E_mis 0,00

students
and public

ATLAS
Multimedia
Educational
Lab for

Event |Detect0r || Multimedial

Interactive
Analysis

Show/Hide Particles:
Electrons [w] ———
Muons [v] —
Photons [v] e
Meutrings [v] S—
Other neutral [v] ™
Other charged —

------------------------------------------

PE Cut:
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